ABSTRACT -Our objective was to investigate the effect of the replacement of aruana grass by gliricidia on the fermentative losses, chemical composition, and aerobic stability of silages. For ensiling, whole-crop aruana grass (75 d of growth) was chopped (275 g kg -1 dry matter -DM) and ensiled alone or associated with gliricidia (270 g kg -1 DM; 150 d of growth). For gliricidia, we used only the leaves and stalks to ensile. The evaluated treatments were different ratios of aruana grass to gliricidia (100:0, 75:25, 50:50, 25:75, and 0:100), with four replicates (mini-silos). The silage composed only of gliricidia exhibited a lower pH than the other silages. Dry matter recovery was not affected by the treatments, although effluent losses were affected. The replacement of aruana grass by gliricidia 50% at ensiling resulted in a higher lactic acid bacteria count. The aruana grass silages displayed lower protein contents and a higher neutral detergent fiber content than the gliricidia silages after 40 d of fermentation. Consequently, the silage consisting of 100% gliricidia showed higher in vitro DM digestibility, presenting an increase of 8.13% after 40 d of fermentation compared with 100% of aruana grass silage. After silo opening, the gliricidia silage was very stable (>72 h). The low quality of aruana grass silage is improved by replacing this grass with significant amounts of gliricidia (approximately 75%).
Introduction
Aruana grass is a species of the genus Panicum maximum used mainly as pasture in Brazil (Gerdes et al., 2005) that exhibits high productivity throughout the year, mainly in the summer (Pompeu et al., 2010) . During the dry season, there is a shortage of animal feed, and an alternative is to harvest the excess forage from the rainy season for use as silage during this period. Grass silages are among the most widely used types of roughage in Brazilian beef cattle feedlots and for dairy cows (Millen et al., 2009; Costa et al., 2013) . However, it is difficult to ensure good silage quality using only tropical grasses because these forages usually exhibit a low amount of water-soluble carbohydrates (WSC), a high buffering capacity, low lactic acid bacteria (LAB) count, and low dry matter (DM) and protein contents at cutting (McDonald et al., 1991; Bergamaschine et al., 2006; Keady et al., 2008) .
As an alternative to overcome these problems, some legumes can be used to improve the silage quality of grasses by increasing the protein and WSC contents (Copani et al., 2014) and reducing the costs associated with traditional protein sources in animal nutrition (e.g., soybean) (Santos et al., 2009) . Gliricidia (Gliricidia sepium) is a tropical tree legume that has been widely employed as plantation shade, green manure, living fence posts, firewood, and livestock fodder (Simons and Stewart, 1994) . However, in some regions, particularly in tropical countries, gliricidia has been used during ensiling, and after wilting, because this legume can improve fermentation in silages (Tjandraatmadja et al., 1993a,b; Cabral Jr. et al., 2007) . The quality of corn, pangola grass, and setaria silage is improved by the addition of gliricidia (Tjandraatmadja et al., 1994; Kato et al., 2006) , presumably leading to superior animal performance (Costa et al., 2007) .
Conversely, silages resulting from a good fermentation (particularly greater production of lactic acid) exhibit low aerobic stability after silo opening (Filya, 2003) because the lactic acid per se has no antifungal properties (Moon, 1983) . Thus, yeasts and molds possibly have a greater action on these silages, causing mass spoilage and increasing DM and energy losses, and consequently reducing the nutritive value of the silage (Wilkinson and Davies, 2012) .
R. Bras. Zootec., 44 (7): [231] [232] [233] [234] [235] [236] [237] [238] [239] 2015 Therefore, our objective was to investigate the effect of the replacement of aruana grass by gliricidia on the fermentative losses, chemical composition, and aerobic stability of silages.
Material and Methods
This study was conducted in a tropical savanna with hot summers (AWA), characterized as having a tropical wet and dry climate (rainy in the summer and dry in the winter), according to the Köppen classification. The gliricidia was sown and cultivated following the descriptions of Rangel et al. (2011) . At 75 d after gliricidia was sown, aruana grass was sown using 450 kg of P 2 O 5 . Forty days later, we performed the first application of urea (topdressing), and after 30 and 60 d, we performed two additional urea applications, for a total of 150 kg urea ha −1 . The gliricidia and aruana grass were harvested at 150 and 75 d of growth, respectively. For gliricidia, we harvested only the leaves and stalks with a diameter of less than 1 cm, whereas aruana grass was harvested by cutting the plants 20 cm above the soil surface. Gliricidia was allowed to wilt under the sun for 24 h, as recommended by Cabral Jr. et al. (2007) . Both forages were chopped to achieve a theoretical length of 20 mm and ensiled with approximately 270 g kg −1 DM (Table 1 ). The evaluated treatments were different ratios of aruana grass to gliricidia (100:0, 75:25, 50:50, 25:75, and 0:100). The proportions were based on the fresh matter.
Polyvinyl chloride (PVC) tubes with a 5-L capacity were used as the experimental silos, which remained closed for 40 d. The experimental silos were weighed after filling and at the end of the ensiling period to determine the effluent, gas, and DM losses according to equations proposed by Jobim et al. (2007) .
After opening the silos, the aerobic stability was determined by placing 4 kg of the silages in buckets. The temperature of the silage was measured every 6 h during the 3-d period of aerobic exposure using a thermometer placed in the center of the mass. The buckets were placed in a room that was maintained at ambient temperature, and the aerobic stability was defined as the length of time required to increase the temperature of silages to 2 ºC above the ambient temperature (Kung et al., 2007) . Additionally, the heating rate, which was calculated as the maximum recorded temperature divided by the time needed to reach the maximum temperature, was evaluated (Ruppel et al., 1995) . During aerobic exposure, we also determined the pH values in the silages using the same buckets while measuring the temperature (approximately 20 g of silage was sampled in each time). The data on maximum temperature and maximum pH describe only the maximum temperature and maximum pH values observed during the 3 d of aerobic exposure for each treatment. Additionally, the yeasts, molds, LAB, and total bacteria present in the silages were also evaluated.
For the microbiological analyses, initially a silage sample of 25 g from each replicate was homogenized in 225 mL of saline solution (NaCl 0.85%) for 1 min. Afterwards, we used 10% of the mix described earlier to provide the microorganism count assuming higher homogenization of the process. Then, we transferred 1 mL of this solution to tubes with 9 mL of saline solution, and 1 mL of this mixture was plated on Petri plates at dilutions of 10 −1 to 10 −9
. Nutrient agar was used to count the total microorganisms present; Rogosa agar was used to count Lactobacilli; BDA agar was used to count yeasts and molds; and Violeta Red Bile agar was used to count enterobacteria. The BDA agar plates were incubated at 36 ºC, whereas the other plates were incubated at 35.5 ºC for 2 d. All of the microbiological data were log transformed.
For pH evaluation, water extracts were obtained according to Kung et al. (1984) . The pH was determined using a pH meter (MA522 model, Marconi Laboratory Equipment, Piracicaba, Brazil). Silage samples were dried in a heated oven with forced-air ventilation (55 °C for 72 h), processed in a Wiley mill through a 1-mm screen sieve, and the DM content was determined (105 °C for 12 h). The total nitrogen (TN) content was determined according to AOAC (1996, method 954.01) . The crude protein (CP) content was determined by multiplying TN by 6.25. The neutral detergent fiber (NDF) and acid detergent fiber (ADF) contents were determined sequentially using the method of Van Soest et al. (1991) without heat-stable α-amylase and sodium sulfite. For the in vitro digestibility, we used rumen fluid from a ruminally cannulated bull that was fed aruana and gliricidia silages (50:50 ratio, as-is fresh matter basis) for 15 d. After adaptation, the rumen fluid was collected in the morning before feeding and filtered through four layers of cheesecloth into pre-warmed thermos flasks, then homogenized and mixed with buffer solution ("synthetic saliva") at a ratio of 4:1. Posteriorly, the coefficient of in vitro dry matter digestibility (IVDMD) was determined according to Tilley and Terry (1963) . Humane animal care and handling procedures were followed according to the Animal Care Committee of Universidade José do Rosário Vellano.
The experiment was organized in a completely randomized design with four replicates. The microbial profile, chemical composition, fermentative losses, digestibility, maximum temperature, maximum pH, heating rate, and aerobic stability data were analyzed with a mixed model using the MIXED procedure of SAS (Statistical Analysis System, version 9.2.), considering aruana grass replaced by gliricidia as a fixed effect and the residual error as a random effect. Differences between the means were determined using the DIFF option of the LSMEANS statement, which differentiates the means based on Fisher´s F-protected least significant difference test. The following general model was used:
Y ij = μ + G i + e ij , in which Y ij = response variable; μ = overall mean; G = effect of aruana grass replaced by gliricidia i; and e ij = error term.
Contrasts were constructed, and the single degreeof-freedom orthogonal comparisons included the linear, quadratic, and cubic effects of the aruana grass replaced by gliricidia. The differences were declared significant at P≤0.05. Through the equations obtained from contrasts, we estimated the minimum and maximum values for each variable and the replacement of aruana grass by gliricidia required to achieve it. Since there were significant differences between treatments (P≤0.05), based on estimations and mean comparisons, we only attributed a positive or negative factor for aruana grass and gliricidia.
The temperature, pH, and microbial occurrence data over the 3 d were analyzed as a completely randomized design with repeated measures over time. The following general model was used:
Y ijk = μ + G i + T j + GT ij + e ijk , in which Y ijk = response variable; μ = overall mean; G = effect of aruana grass replaced by gliricidia i; T = effect of time j; GT = effect of the interaction between the gliricidia level i and time j; and e ijk = error term.
Various error covariance structures were investigated, and the structure that best fit the data according to the Bayesian information criterion (BIC) was selected. The VC covariance structure was selected for the temperature and pH. Differences were considered significant at P<0.05.
Results
The DM and CP contents and pH values were evaluated before ensiling. Treatments had no influence on DM or CP contents (P>0.05), which had an overall mean of 273.4 g kg -1 as fed and 104.9 g kg -1 DM, respectively. For pH, the mixture of aruana grass and gliricidia (irrespective of the ratio) decreased the pH (P<0.01; Table 1) .
At silo opening, the occurrence of LAB showed a quadratic response, and the largest population was obtained when 50% of aruana grass was replaced by gliricidia (P<0.01). However, the occurrence of yeasts, molds, and total bacteria showed a cubic response (P<0.01). The lowest population of yeasts was observed with the replacement of 50% aruana grass, whereas the population of total bacteria increased when 50 and 100% of aruana grass were replaced by gliricidia (Table 2) .
The replacement of aruana grass by gliricidia caused a quadratic reduction on the pH values of the silages (P<0.01), resulting in a lower value when aruana grass was replaced by gliricidia from 50 to 100%. However, this response did not interfere with gas losses or DM recovery (P>0.05), although the effluent losses increased when aruana grass was replaced by gliricidia regardless of the ratio (P<0.05; Table 2 ).
The DM content was changed by the treatments, showing a cubic response (P<0.01), and the replacement of aruana grass by 75 and 100% of gliricidia led to lower values. We also detected a linear increase in the CP content with the replacement of aruana grass by gliricidia (P<0.01). Comparing the silages exclusively composed of aruana grass or gliricidia, the CP content was 43.30% higher for the gliricidia silage (Table 2) .
In contrast, there was a linear decrease in the NDF content with the replacement of aruana grass by gliricidia (P<0.01). The gliricidia silage displayed a 41.23% lower NDF content than the aruana grass silage (671.42 g kg −1 DM). Similarly, the ADF content decreased quadratically when the aruana grass was replaced by gliricidia (P<0.01), and the lowest values were observed for 75 and 100% of replacement. In response, the replacement of aruana grass by gliricidia increased the IVDMD coefficients of the silages linearly (P<0.01; Table 2 ).
The temperatures of the silages at silo opening were not changed by the treatments (P>0.05). However, the maximum temperature and pH showed a quadratic response, and the lowest values were obtained with the exclusive ensiling of gliricidia (P<0.01). The heating rate was also not affected (P>0.05), whereas the aerobic stability showed a cubic response (P<0.01; Table 2), in which the ensiling of gliricidia exclusively displayed the highest value (> 72 h).
Through the equations obtained from contrasts, we estimated at which level aruana grass should be replaced by gliricidia to improve the silage quality based on each variable (Table 3) . Overall, the estimations suggest that a minimum of 52.2% replacement of aruana grass by gliricidia should be enough to improve the silage quality, but values close to 100% are more desirable considering higher coefficients of in vitro digestibility and aerobic stability. Likewise, the replacement of aruana grass by gliricidia had a positive response on the populations of LAB and total bacteria, silage pH, protein, fiber, and digestibility, as well as on the aerobic stability of silages. During the aerobic exposure, the occurrence of LAB and total bacteria showed a wide range (P<0.01), whereas the populations of yeasts and molds presented a tendency to increase (P<0.01; Figure 1 ). As expected, the temperature of the silages increased during the aerobic phase (P<0.01), but this increase was not greater than 2 ºC within each treatment (Figure 2) . For the pH, silages containing 75 and 100% of gliricidia showed lower values (P<0.01) during aerobic exposure (Figure 2 ). As described earlier, the silage composed of gliricidia only exhibited greater aerobic stability (Table 2) . However, all of the silages showed relatively constant temperatures during oxygen exposure. In contrast, the aerobic stability assay was conducted under ambient conditions, which presented a wide range during the aerobic exposure period; this was the main factor to promote stability breaking (Figure 3) . 
Discussion
The ensilage of aruana grass with 50% of gliricidia resulted in greater LAB counts after 40 d of fermentation. As is well known, LAB are the main group of microorganisms found in silage and are more desirable to promote good fermentation (Muck, 2010) . Theoretically, LAB must extensively ferment forages containing high contents of WSC, resulting in greater production of organic acids, mainly lactic acid, which reduces pH values, ensuring the nutritive value of the silage (McDonald et al., 1991) . As expected, the replacement of aruana grass by gliricidia increased the CP content. Although the high protein content may increase the buffering capacity of the silage, in the present study, we observed a lower pH value when aruana grass was fully replaced by gliricidia. This result possibly indicates that gliricidia presents a greater WSC content compared with aruana grass, as well as possibly had higher production of lactic acid. Indeed, the main substrate for production of organic acids are WSC, although some microorganisms present in the silo are able to grow using other sources of energy (Pahlow et al., 2003) . The fact that some legumes exhibit greater WSC contents than grasses (especially tropical grasses) is known and reported in the literature (Waldo and Jorgensen, 1981; McDonald et al., 1991) . Our results are in agreement with those reported by Oduguwa et al. (2013) , in which the inclusion of gliricidia reduced the pH values in cassava silages.
However, all silages exhibited high pH values (above 4.8), which may be a problem to control important spoilage microorganisms in farm conditions, such as Listeria spp. and Clostridium spp. (Ryser et al., 1997; Schocken-Iturrino et al., 2005) , which are pathogens and can cause diseases in animals and humans (Beuchat and Ryu, 1997) . Furthermore, Clostridium species can increase the ammonia-N content in the silage due to the fermentation of amino acids when the pH value is high (Charmley, 2001) , specifically above 4.2 (Pahlow et al., 2003) and increases in DM and energy losses may be expected, as well as reduction in the nutritive value of the silage (McDonald et al., 1991) .
Additionally, the lower pH value recorded in the silages with the replacement of aruana grass by gliricidia should support greater LAB counts at the expense of other microorganisms, such as yeasts, molds, and enterobacteria, which are responsible for increasing DM losses due to heterofermentative fermentation and lowering the efficiency to preserve energy (Muck, 2010) . However, as previously reported, this did not occur in the present study. Consequently, there was no difference between the treatments in terms of DM recovery. On the other hand, all silages showed considerable losses during the fermentation process compared with other grass silages produced in mini-silos (Zopollatto et al., 2009 ). The main cause for this result is associated with the elevated effluent losses, which are a consequence of the low DM content at ensiling (below 280 g kg −1 as fed). It is known that effluent production is also one of the main causes of reductions of the silage quality (McDonald et al., 1991) . However, to produce silages in farm conditions, an alternative to improve this situation could be the use of additives (e.g., pelleted citrus pulp) or wilting, both aiming to increase the DM content to improve the fermentative process and reduce the DM losses (Bergamaschine et al., 2006) .
Gliricidia sepium is a legume, and it is expected therefore that the inclusion of this forage in silages will linearly increase the CP content and reduce the NDF content of tropical-grass silages (Simons and Stewart, 1994) . A possible explanation for these results is that the carbohydrate components of tropical forages have very low solubility (cell-wall components), with low rates of degradation by rumen microorganisms, in addition to higher contents of indigestible NDF compared with other temperate forages or legumes (Dewhurst et al., 2003) . Moreover, legumes exhibit greater nitrogen solubility compared with tropical forages (Brown and Pitman, 1991) . As a consequence of the differences described above, we observed increases in the IVDMD coefficients of the silages with the addition of gliricidia because the NDF content is negatively correlated with the in vitro digestibility (Van Soest et al., 1994) . It is noteworthy that legume cell-walls become more lignified and less digestible with advancing maturity stages, but legumes maintain a higher rate of cell-wall digestion compared with tropical forages (Van Soest et al., 1994) . The results of the present study reinforce the idea that the digestibility of low-quality feeds can be increased by the addition of legume leaves (Simons and Stewart, 1994) .
Our results reinforce the benefits that grass silages obtain with the inclusion of gliricidia, such as improvement of the fermentation process, reduction of NDF, and increases in the DM digestibility, reported in previous studies (Tjandraatmadja et al., 1994; Kato et al., 2006; Oduguwa et al., 2013) .
In the present study, we observed that the best results were obtained with the ensilage of gliricidia alone, which agrees with Man and Wiktorsson (2002) , who reported that gliricidia can be well preserved by common ensiling methods without the use of additives. However, gliricidia is a legume species that can grow to a large size (i.e., trees) and become difficult to manage, particularly in relation to the harvest process for ensiling. Therefore, the ensiling of gliricidia alone is not recommended (Cabral Jr. et al., 2007) . Similar to many high-protein legumes, this type of foliage can be difficult to ensile successfully because it tends to present a high buffering capacity and a low DM content (McDonald et al., 1991) . Thus, the ensilage of gliricidia with other forages is necessary to ensure a large volume of ensiled mass (e.g., from grass) associated with the improvement of silage quality (i.e., from gliricidia).
After the silos were opened, the LAB and total bacteria counts exhibited a very different response pattern among the silages, but the population of yeast and mold increased during aerobic exposure. Usually, an overgrowth of yeasts (first microorganism responsible for spoiling the silages) and molds during the feedout phase is expected, as these microorganisms use lactic acid and residual WSC as substrates for growth, which consequently leads to an increase in the temperature during the period of aerobic exposure (McDonald et al., 1991; Wilkinson and Davies, 2012) . Consequently, the balance between the rate of heat production by microbial activity and heat loss is increased, which is directly related to the oxidation of DM, causing losses in the form of carbon dioxide (CO 2 ), resulting in a decrease in the nutritive value (Wilkinson and Davies, 2012) . Furthermore, the action of spoilage microorganisms after silo opening is potentiated under tropical conditions, and it is impossible to control the temperature (Kim and Adesogan, 2006) . The silage composed of 50% aruana grass and gliricidia exhibited lower yeast and mold counts during aerobic exposure. However, the silages' temperatures were relatively constant during the period of aerobic exposure, but we found that the disruption of stability occurred at different times.
Conceptually, the stability breakage occurs when the temperature of the silages exceeds the ambient temperature by 2 °C after exposure to air (Kung et al., 2007) . The assay to test the aerobic stability in this study was conducted at ambient temperature, and reduction of the ambient temperature was the main reason for the disruption of stability in the silages, rather than the increase in silage temperatures caused by the action of spoilage microorganisms (Figure 3) . Conversely, although the control of the ambient is not the same compared with trials carried under room with controlled temperature, the evaluation of the aerobic stability in silages in ambient temperature is more accurate to estimate the spoilage of silages in the field (Jobim et al., 2007) . However, it is clear that the addition of gliricidia (100%) improved silage characteristics after silo opening, for example, by reducing the maximum pH values, which can be indicative of deterioration caused by spoilage microorganisms (Wilkinson and Davies, 2012) .
Similarly, during all time of aerobic exposure, the silages composed of 75 and 100% gliricidia displayed lower pH values, although the values increased in each treatment after 72 h. Silages composed of legumes alone with low DM are typically more resistant to aerobic deterioration than other silages (e.g., cereals and grass) due to lower growth of yeasts and molds (Weinberg et al., 1993) . Conversely, it is important to say here that even though the silage composed of 50% aruana grass and gliricidia exhibited lower yeast and mold counts during aerobic exposure, the lowest values of maximum pH were observed in the silages composed of 75 and 100% gliricidia because the initial pH values recorded in these silages were lower at silo opening.
We observed that the silage composed of aruana grass alone and with 25 or 50% gliricidia was more unstable after silo opening. In other words, the addition of a small amount of gliricidia reduces aerobic stability by improving the silage quality of aruana grass. The results of this study are in agreement with those of Barbosa et al. (2011) , who observed lower aerobic stability in corn silages produced under tropical conditions with the addition of 10 or 15% soybean. Conversely, the higher aerobic stability observed for gliricidia silage exclusively is in line with the results reported by O'Kiely and Muck (1992) , who found greater stability of lucerne silages compared with corn silage during aerobic exposure.
Under farm conditions, the obtained aerobic stability results indicate that silages with a higher stability, associated with lower occurrences of yeasts and molds, maintain the nutritional and sanitary characteristics observed at silo opening for a longer period. Likewise, more unstable silages must be rapidly removed from silos due to the great reduction of the nutritive value during aerobic exposure under tropical conditions. Overall, the microbial profile, fermentation, nutritive value, and aerobic stability of the silages responded positively when aruana grass was replaced by gliricidia, which is in agreement with several studies (Tjandraatmadja et al., 1993a,b; Cabral Jr. et al., 2007) . Although the wilting of gliricidia may become difficult on farms, the replacement of aruana grass by gliricidia at least by 52.2% (value estimated through the equations) clearly improved the silage quality, and its use should be considered an alternative.
Conclusions
We recommended the replacement of approximately 75% of aruana grass by gliricidia as an alternative to improve the fermentation process, nutritive value, and aerobic stability of tropical grass silages.
